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nal and a second electrode terminal made of dissimilar
metals, the connecting member 1ncludes a main connecting
part, to which the first electrode terminal 1s welded, the main
connecting part including the metal of the first electrode
terminal, and a buried connecting part, to which the second
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buried connecting part 1s buried 1n the main connecting part
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one surface of the main connecting part such that the buried
connecting part has the same height as the main connecting
part to form an even surface, and the first electrode terminal
and the second electrode terminal are welded respectively to
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BATTERY MODULE COMPRISING
CONNECTING MEMBER COMPOSED OF
DISSIMILAR METALS

This application 1s a National Stage Application of Inter-
national Application No. PCT/KR2014/005992, filed Jul. 4,
2014, and claims the benefit of Korean Application No.
10-2013-0079240, filed Jul. 5, 2013, all of which are hereby

incorporated by reference 1n their entirety for all purposes as
if fully set forth herein.

TECHNICAL FIELD

The present invention relates to a battery module 1nclud-
ing a connecting member composed of dissimilar metals,
and more particularly to a battery module including battery
cells, electrode terminals of which are electrically connected
to each other via a connecting member, wherein each of the
battery cells 1s configured to have a structure in which an
clectrode assembly 1s mounted 1n a battery case made of a
laminate sheet including a metal layer and a resin layer, and
plate-shaped electrode terminals protrude from the battery
case, the electrode terminals include a first electrode termi-
nal and a second electrode terminal made of dissimilar
metals, the connecting member 1includes a main connecting,
part, to which the first electrode terminal 1s welded, the main
connecting part including the metal of the first electrode
terminal, and a buried connecting part, to which the second
clectrode terminal 1s welded, the buried connecting part
including the metal of the second electrode terminal, the
buried connecting part 1s buried 1n the main connecting part
in a state 1n which the buried connecting part 1s exposed at
one surface of the main connecting part such that the buried
connecting part has the same height as the main connecting
part to form an even surface, and the first electrode terminal
and the second electrode terminal are welded respectively to
the main connecting part and the buried connecting part at
one surtace of the main connecting part at which the buried
connecting part 1s exposed.

BACKGROUND ART

As mobile devices have been increasingly developed, and
the demand for such mobile devices has increased, the
demand for a secondary battery has also sharply increased as
an energy source for the mobile devices. In addition, the
secondary battery has attracted considerable attention as a
power source for electric vehicles (EV) and hybnid electric
vehicles (HEV), which have been developed to solve prob-
lems, such as air pollution, caused by existing gasoline and
diesel vehicles using fossil fuels.

Depending upon the kind of external devices 1n which the
secondary battery 1s used, the secondary battery may be used
in the form of a single battery cell or 1n the form of a battery
module having a plurality of unit cells electrically connected
to each other. For example, small-sized devices, such as
mobile phones, can be operated for a predetermined period
ol time with the output and capacity of one battery cell. On
the other hand, a battery module needs to be used 1in middle
or large-sized devices, such as laptop computers, portable
digital versatile disc (DVD) players, small-sized personal
computers (PC), electric vehicles, and hybrid electric
vehicles, because high output and large capacity are neces-
sary for the middle or large-sized devices.

The battery module includes a plurality of unit cells
clectrically connected in series and/or in parallel to each
other.
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In connection with this case, referring to FIGS. 1 and 2,
it can be seen that 1 a case in which a positive electrode
terminal and a negative electrode terminal are electrically
connected to each other using a connecting member having
a clad metal structure, processability 1s lowered.

Specifically, a clad metal type bus bar 100 1s configured
to have a structure in which an upper connecting part 102
made of aluminum 1s stacked on a lower connecting part 101
made of copper, and then the upper connecting part 102 and
the lower connecting part 101 are rolled. Consequently, 1t 1s
casy to weld a positive electrode lead 110 made of the same
material as the upper connecting part 102, 1.e. aluminum, to
the clad metal type bus bar 100. In the same manner, 1t 1s
casy to weld a negative electrode lead (not shown) made of
the same material as the lower connecting part 101, 1.e.
copper, to the clad metal type bus bar 100.

In a case 1n which both a negative electrode lead 210 and
a positive electrode lead 220 are welded to a clad metal type
bus bar 200 as shown in FIG. 2, however, 1t 1s necessary 1o
bend the clad metal type bus bar 200.

When the negative electrode lead 210 and the positive
clectrode lead 220 are welded to the clad metal type bus bar
200 1n a state 1n which the clad metal type bus bar 200 1s not
bent, welding between the same copper materials or between
the same aluminum materials are easily carried out. In a case
in which welding between dissimilar metal materials 1s
carried out, however, a brittle fracture occurs due to a
dissimilar metal compound generated during welding with
the result that the welded portions have low resistance to
vibration.

In addition, it 1s necessary to perform an additional
bending process as described above, whereby processability
1s lowered. Furthermore, welding of the dissimilar metals
lowers satety of the battery module.

DISCLOSURE
Technical Problem

The present mnvention has been made to solve the above
problems, and other technical problems that have yet to be
resolved.

Therefore, it 1s an object of the present mmvention to
provide a battery module wherein electrode terminals made
of dissimilar metal materials are welded to a connecting
member composed of dissimilar metal materials on the same
plane without performing an additional bending process,
thereby 1mproving processability and achieving safety with
no brittle fracture.

Technical Solution

In accordance with one aspect of the present invention,
the above and other objects can be accomplished by the
provision of a battery module including battery cells, elec-
trode terminals of which are electrically connected to each
other via a connecting member, wherein each of the battery
cells 1s configured to have a structure 1n which an electrode
assembly 1s mounted 1n a battery case made of a laminate
sheet including a metal layer and a resin layer, and plate-
shaped electrode terminals protrude from the battery case,
the electrode terminals include a first electrode terminal and
a second electrode terminal made of dissimilar metals, the
connecting member includes a main connecting part, to
which the first electrode terminal 1s welded, the main
connecting part including the metal of the first electrode
terminal, and a buried connecting part, to which the second
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clectrode terminal 1s welded, the buried connecting part
including the metal of the second electrode terminal, the
buried connecting part 1s buried 1n the main connecting part
in a state 1n which the buried connecting part 1s exposed at
one surface of the main connecting part such that the buried
connecting part has the same height as the main connecting
part to form an even surface, and the first electrode terminal
and the second electrode terminal are welded respectively to
the main connecting part and the buried connecting part at
one surface of the main connecting part at which the buried
connecting part 1s exposed.

The battery case may be made of an aluminum laminate
sheet.

In a case in which the pouch-shaped battery cells are
clectrically connected to each other, particularly in series,
the connecting member according to the present invention 1s
used for electrical connection between the positive electrode
terminal and the negative electrode terminal, thereby
improving processability.

Specifically, the connecting member may 1nclude a main
connecting part, to which the first electrode terminal 1is
welded, the main connecting part including the metal of the
first electrode terminal, and a buried connecting part, to
which the second electrode terminal 1s welded, the buried
connecting part including the metal of the second electrode
terminal, the buried connecting part may be buried in the
main connecting part 1n a state 1n which the buried connect-
ing part 1s exposed at one surface of the main connecting
part.

As a result, the first electrode terminal and the second
clectrode terminal may be welded respectively to the main
connecting part and the buried connecting part at one surface
of the main connecting part at which the burnied connecting
part 1s exposed, and the first electrode terminal and the
second electrode terminal may be located on the same plane,
and the connecting member may be welded to the electrode
terminals in the same direction.

In connection with this case, referring to FIG. 2, 1n a case
in which both the negative electrode lead and the positive
clectrode lead are welded to the conventional clad metal
type bus bar, it 1s necessary to bend the connecting member
such that the negative electrode lead 1s located at the upper
end of the clad metal type bus bar, and the positive electrode
lead 1s located at the lower end of the clad metal type bus bar.
According to the present invention, however, it 1s possible to
solve this problem.

In a concrete example, the first electrode terminal and the
second electrode terminal according to the present invention
may be made of dissimilar metal materials selected from a
group consisting ol Al, Cu, Ni, Fe, and an alloy of two or
more thereof. In this case, the main connecting part may
include a metal material corresponding to the first electrode
terminal, and the buried connecting part may include a metal
material corresponding to the second electrode terminal.

In a specific embodiment of the present invention, the
main connecting part may include Cu 1n a case 1n which the
first electrode terminal includes Cu, and the buried connect-
ing part may include Al i a case in which the second
clectrode terminal includes Al.

In another specific embodiment of the present invention,
the main connecting part may include Al in a case 1n which
the first electrode terminal includes Al, and the buried
connecting part may include Cu in a case in which the
second electrode terminal includes Cu.

The connecting member may be any one selected from a
group consisting ol a metal plate, a bus bar, and a wire. The
connecting member may be manufactured by performing
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shape rolling on the metal surface of the main connecting,
part to form a groove, treating the surface of the main
connecting part using plasma, inserting the metal material of
the buried connecting part into the groove formed at the
main connecting part under EPC control, and rolling the
main connecting part and the buried connecting part.

In addition, in a concrete example, the connecting mem-
ber may be coated with Zn or Ni. In a case in which
dissimilar metals contact each other, resistance to corrosion
due to contact of the dissimilar metals may be lowered with
the result that 1t 1s diflicult to apply the connecting member
to a device which may have a possibility of corrosion. In a
case 1n which the connecting member 1s coated with Zn or
N1 as described above, a dissimilar metal compound 1s
hardly generated during welding of the dissimilar metals,
and corrosion due to contact of the dissimilar metals may be
considerably reduced, which 1s further preferable.

Meanwhile, the welding between the electrode terminals
and the connecting member may be any one selected from
a group consisting of resistance welding, laser welding, arc
welding, ultrasonic welding, E-beam welding, and hybnd
welding. Specifically, the welding may be ultrasonic weld-
ing or hybrid welding.

The ultrasonic welding may be performed using an ultra-
sonic vibration of 20 KHz to 60 KHz. The laser welding may
be performed using continuous wave (CW) laser having a
laser energy density of 250 kJ/cm® to 1 MJ/cm® and an
optical system at a welding speed of 50 to 200 mmy/s.
Specifically, the laser welding may be performed using CW
laser having a laser energy density of 300 kJ/cm* to 500
kJ/cm” and an optical system at a welding speed of 80 to 120
mm/s. In addition, n a case i which the welding 1s
performed using CW laser, laser oscillation may be modu-
lated such that the laser has a predetermined frequency so as
to prevent thermal damage to a welding material due to heat
continuously exposed to the welding material. In this case,
the modulation frequency may be 100 Hz to 1 kHz, and a
laser oscillation rate during modulation may be 30% to 90%
the modulation frequency. This means that, for example, in
a case 1 which a laser oscillation rate 1s 50% at 1 kHz
modulation, laser output modulation 1s carried out at inter-
vals of 1 ms such that laser oscillation 1s carried out for 500
us, and laser oscillation 1s not carried out for 500 us, which
1s repeated.

In accordance with another aspect of the present mven-
tion, there 1s provided a device including the battery module
with the above-stated construction as a power source. The
device may be a smart pad, a lap top computer, an electric
automobile, such as an electric vehicle (EV), a hybnd
clectric vehicle (HEV), or a plug-in hybrid electric vehicle
(PHEV), or a power storage device. However, the present
invention 1s not limited thereto.

The structures and manufacturing methods of the battery
module and the device are well known 1n the art to which the

present invention pertains, and therefore a detailed descrip-
tion thereof will be omuitted.

BRIEF DESCRIPTION OF DRAWINGS

The above and other objects, features and other advan-
tages of the present mvention will be more clearly under-
stood from the following detailed description taken 1n con-
junction with the accompanying drawings, in which:

FIG. 1 1s a view typically showing a process of welding
a positive electrode terminal to a conventional clad metal
type bus bar;
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FIG. 2 1s a view typically showing a process of welding
a positive electrode terminal and a negative electrode ter-

minal to the bus bar of FIG. 1;

FIG. 3 1s a view typically showing a process of welding
a positive electrode terminal and a negative electrode ter-
minal to a bus bar according to a specific embodiment of the
present mvention;

FIG. 4 1s a typical view showing a connecting member
according to the present invention which 1s coated;

FIG. 5 1s a scanming electron microscope (SEM) photo-
graph showing whether a dissimilar metal compound has
been generated after laser welding of connecting members
according to experimental example 1 of the present inven-
tion;

FIG. 6 1s a graph showing results of tensile strength and
salt water spraying corrosion tests of a connecting member
according to experimental example 2 of the present inven-
tion; and

FIG. 7 1s a photograph showing a degree of corrosion
caused by contact of dissimilar metals according to experi-
mental example 3 of the present invention.

BEST MOD.

(L]

Now, exemplary embodiments of the present invention
will be described 1n detail with reference to the accompa-
nying drawings. It should be noted, however, that the scope
of the present invention 1s not limited by the illustrated
embodiments.

The drawings show only parts of a battery and a battery
module related to welding, and other components of the
battery and the battery module are omitted from the draw-
Ings.

FIG. 3 15 a view typically showing a process of welding
terminals to a connecting member according to the present
invention.

Referring to FIG. 3, a connecting member 300 includes a
main connecting part 301 made of a copper material and a
buried connecting part 302 made of an aluminum material.
The buried connecting part 302 1s buried in the main
connecting part 301 1n a state 1n which the buried connecting
part 302 1s exposed at one surface of the main connecting
part 301.

A negative electrode lead 310 1s made of the same
material as the main connecting part 301 of the connecting
member 300, 1.e. copper, and a positive electrode lead 320
1s made of the same material as the buried connecting part
302 of the connecting member 300, 1.e. aluminum.

When a plurality of battery cells 1s electrically connected
to each other via the connecting member 300, a negative
clectrode lead 310 of one of the battery cells (not shown) 1s
located on one surface of the main connecting part 301 of the
connecting member 300, and a positive electrode lead 320 of
an adjacent one of the battery cells (not shown) 1s located on
the buried connecting part 302 1s exposed at one surface of
the main connecting part 301 of the connecting member 300.
Subsequently, laser 330 1s applied to the negative electrode
lead 310 and the positive electrode lead 320 to periform
welding between the main connecting part 301 and the
negative electrode lead 310 and welding between the buried
connecting part 302 and the positive electrode lead 320.

Consequently, the negative electrode lead 310 and the
positive electrode lead 320 may be connected to the con-
necting member 300 on the same plane without reduction of
safety.

In addition, processability i1s considerably improved as
compared with the conventional battery module of FIG. 2 1n
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which the negative electrode lead 210 1s one surface, 1.e. the
upper end, of the bus bar 200, and the positive electrode lead
220 1s the other surface, 1.e. the lower end, of the bus bar
200, and then laser 230 1s applied to perform welding
therebetween.

FIG. 4 1s a view showing a connecting member 400
according to the present invention which 1s coated with Ni.

Referring to FIG. 4, the connecting member 400 includes
a main connecting part 401 made of a copper material and
a buried connecting part 402 made of an aluminum materal.
The buried connecting part 402 1s buried in the main
connecting part 401 1n a state 1n which the buried connecting
part 402 1s exposed at one surface of the main connecting
part 401. The connecting member 400 i1s provided at the
surface thereot with a coating layer 410 made of Ni. In this
structure, corrosion caused by contact of dissimilar metals 1s
considerably reduced, which 1s preferable.

Heremafiter, the present invention will be described 1n
more detail with reference to the following examples. These
examples are provided only for illustration of the present
invention and should not be construed as limiting the scope
of the present invention.

Experimental Example 1

A negative electrode lead made of a copper material and
a positive electrode lead made of an aluminum maternal were
welded to a connecting member (comparative example)
made ol copper and the connecting member (example)
according to the present invention shown 1n FIG. 3 by laser
welding. At this time, 1n a case in which the connecting
member according to the present invention was welded, the
negative electrode lead made of the copper material was
welded to the main connecting part made of the copper
material, and the positive electrode lead made of the alumi-
num material was welded to the buried connecting part made
of the aluminum material. Sections of the welded portions of
the positive electrode leads were photographed using an
clectron microscope to determine whether a dissimilar metal
compound had been generated. The electron microscope
photographs are shown i FIG. 5.

Referring to FIG. §, 1t can be seen that 1n a case 1n which
the connecting member made of copper was used, a dis-
similar metal compound was generated during welding
between the connecting member made of copper and the

positive electrode lead made of the aluminum material. On
the other hand, 1t can be seen that 1n a case 1n which the
connecting member according to the present invention was
used, the same kind of metals were connected to each other,
whereby no dissimilar metal compound was generated.

Experimental Example 2

For welded portions between the connecting members, to
which the positive electrode leads and the negative electrode
leads were welded according to experimental example 1, and
the positive electrode leads, tensile strength was measured,
and 0.6 mole of salt water spraying corrosion tests were
carried out. The results are shown 1n FIG. 6.

Referring to FIG. 6, it can be seen that for the connecting,
member according to the present invention, initial tensile
strength was high, and the tensile strength was not greatly
reduced after salt water spraying corrosion. On the other
hand, 1t can be seen that for the connecting member made of
copper, to which the dissimilar metals were welded, 1nitial
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tensile strength was low, and the tensile strength was greatly
reduced after salt water spraying corrosion.

Experimental Example 3

In order to measure a degree of corrosion caused by
contact of the dissimilar metals, 0.6 mole of salt water was
continuously sprayed to the connecting member according
to the present invention shown 1n FIG. 3 and the connecting
member according to the present invention shown 1n FIG. 4,
and 1t was determined whether the connecting members had
been corroded after 6 days. The results are shown 1n FIG. 7.

Referring to FIG. 7, 1t can be seen that for the connecting,
member not coated with N1 or Zn, small corroded holes were
generated at a contact portion between Al and Cu due to
contact corrosion. On the other hand, 1t can be seen that the
connecting member coated with N1 or Zn was little corroded.

Although the exemplary embodiments of the present
invention have been disclosed for illustrative purposes,
those skilled i the art will appreciate that various modifi-
cations, additions and substitutions are possible, without
departing from the scope and spirit of the invention as
disclosed 1n the accompanying claims.

EXPLANATION OF REFERENCE NUMERALS
AND SYMBOLS

100, 200: Clad metal type bus bar

101, 201: Lower connecting part

102, 202: Upper connecting part

110, 220, 320: Positive electrode lead
120, 230, 330: Laser

210, 310: Negative electrode lead
300, 400: Connecting member

301, 401: Main connecting part

302, 402: Buried connecting part
410: Coating layer

INDUSTRIAL APPLICABILITY

As 1s apparent from the above description, a battery
module according to the present invention uses a connecting,
member including a main connecting part including a metal
material constituting a first electrode terminal and a buried
connecting part including a metal material constituting a
second electrode terminal, the buried connecting part being
buried 1n the main connecting part 1n a state 1n which the
buried connecting part 1s exposed at one surface of the main
connecting part. Consequently, 1t 1s possible to perform
welding of the electrode terminals to the connecting member
without performing an additional bending process for elec-
trical connection between the electrode terminals, particu-
larly for series connection between the electrode terminals,
unlike 1n the conventional art, thereby improving process-
ability. As a result, manufacturing cost 1s reduced, thereby
Improving price competitiveness.

In addition, 1t 1s possible to prevent the occurrence of a
brittle fracture caused by welding of dissimilar metals and to
prevent the reduction 1 mechanical characteristics of
welded portions and the increase in resistance of the welded
portions, thereby improving safety of the battery module.

The 1nvention claimed 1s:

1. A battery module comprising battery cells, electrode
terminals of which are electrically connected to each other
via a connecting member, wherein
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cach of the battery cells 1s configured to have a structure
in which an electrode assembly 1s mounted 1n a battery
case made of a laminate sheet comprising a metal layer
and a resin layer, and plate-shaped electrode terminals
protrude from the battery case,

the electrode terminals comprise a first electrode terminal

and a second electrode terminal made of dissimilar
metals,

the connecting member comprises a main connecting part,

to which the first electrode terminal 1s welded, the main
connecting part comprising the metal of the first elec-
trode terminal, and a buried connecting part, to which
the second electrode terminal 1s welded, the buried
connecting part comprising the metal of the second
electrode terminal,

the buried connecting part 1s buried 1n the main connect-

ing part 1 a state 1 which the buried connecting part
1s exposed at only one surface of the main connecting
part such that the buried connecting part has the same
height as the main connecting part to form an even
surface, and

the first electrode terminal and the second electrode

terminal are welded respectively to the main connect-
ing part and the buried connecting part at one surface
of the main connecting part at which the buried con-
necting part 1s exposed.

2. The battery module according to claim 1, wherein the
battery case 1s made of an aluminum laminate sheet.

3. The battery module according to claim 1, wherein the
first electrode terminal and the second electrode terminal are
made of dissimilar metal materials selected from a group
consisting of Al, Cu, N1, Fe, and an alloy of two or more
thereof.

4. The battery module according to claim 1, wherein the
main connecting part comprises Cu, and the buried connect-
ing part comprises Al.

5. The battery module according to claim 1, wherein the
main connecting part comprises Al, and the buried connect-
ing part comprises Cu.

6. The battery module according to claim 1, wherein the
first electrode terminal and the second electrode terminal are
located on the same plane, and the connecting member 1s
welded to the electrode terminals in the same direction.

7. The battery module according to claim 1, wherein the
connecting member 1s any one selected from a group con-
sisting of a metal plate, a bus bar, and a wire.

8. The battery module according to claim 1, wherein the
connecting member 1s coated with Zn or Ni.

9. The battery module according to claim 1, wherein the
welding 1s any one selected from a group consisting of
resistance welding, laser welding, arc welding, ultrasonic
welding, E-beam welding, and hybrid welding.

10. A wireless device using a battery module according to
claim 1 as a power source.

11. A device using a battery module according to claim 1
as a power source.

12. The device according to claim 11, wherein the device
1s a smart pad or a laptop computer.

13. The device according to claim 11, wherein the device
1s an electric vehicle, a hybrid electric vehicle, a plug-in
hybrid electric vehicle, or a power storage system.
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